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During  the  one  year  period  funded  by  this  grant,  we  have  made  substantial 
progress  on  several  projects  of  interest.  Since  the  annual  progress  report,  covering  the 
period  1  January  1993  -  31  December  1993  (i.e.,  most  of  the  period  funded  by  this  grant) 
was  submitted  only  last  month,  the  present  final  report  is  largely  redundant  with  that 
eaiiier  report. 

One  area  of  continuing  interest  to  us  is  the  study  of  coUisional  and  radiative 
processes  occurring  in  metastable  barium  -  noble-gas  mixtures.  The  lowest  excited  states 
of  barium  are  the  6sSd  ^Dj  levels  which  are  metastable  since  radiation  fi-om  them  to  the 
ground  state  6s^  is  dipole  forbidden.  However,  these  levels  are  easily  populated 
through  the  optical  pumping  channel  bs^  ‘Sg  6s6p  ->  6s5d  ^Dj^.  We  have  found 
that  more  than  60%  of  the  ground  state  atoms  can  ^  transferred  to  the  metastable  levels 
using  either  a  pulsed  or  cw  pump  laser.  Much  of  our  early  work  on  this  system  involved 
the  development  of  techniques  to  monitor  populations  in  the  various  levels  in  a 
quantitative  fiishion.  In  particular,  we  carried  out  detailed  collision  broadened  lineshape 
measurements  (with  argon  pertwbers)  for  transitions  whose  lower  level  is  one  of  the 
barium  metastable  ^Dj  states  [Phys.  Rev.  A  46,  2642  (1992)].  More  recently,  similar 
studies  on  the  6s^  ^Sg  ->  6s6p  ^Pj  intercombination  line  have  been  completed  [Phys.  Rev. 

A  4Z  3097  (1993)].  The  latter  is  important  since  a  great  deal  of  controversy  exists  over 
the  barium  vapor  pressure  curve,  and  such  lineshape  studies  allow  us  to  determine  barium 
densities  using  simple  optical  measurem^  'ts.  With  these  techniques,  we  can  now  monitor 
populations  in  any  of  the  low  lying  states  of  barium  over  a  wide  range  of  conditions. 

When  a  pulsed  laser  is  used  to  optically  punq)  the  barium  atoms  to  the  metastable 
levels,  we  can  carry  out  time-resolved  studies  of  a  number  of  interesting  processes.  In  this 
technique,  we  still  use  a  single-mode  cw  laser  to  monitor  the  metastable  level  populations 
by  measuring  the  absorption  of  the  cw  beam  when  the  laser  is  tuned  near  one  of  the 
transitions  for  which  we  have  detailed  lineshape  information.  By  examining  this 
absorption  as  a  function  of  time  following  the  firing  of  the  pulsed  pump  laser,  we  can  map 
out  populations  (in  absolute  units)  in  a  completely  time-resolved  &shion.  During  the  last 
year,  we  have  used  this  technique  to  study  exdtation  transfer  among  the  metastable  levels 
due  to  collisions  with  argon  perturbers,  and  quenching  of  the  metastables  by  molecular 
nitrogen.  These  results  are  rq)orted  in  the  enclosed  manuscript  "Excitation  transfer 
among,  and  quenching  of,  the  barium  6s5d  metastable  levels  due  to  collisions  with 

argon,  nitrogen,  and  barium  perturbers"  which  has  been  submitted  to  Phys.  Rev.  A  By _ 

displacing  the  cw  probe  beam  parallel  to  the  counterpropagating  pump,  we  can  also  obtain _ 

detailed  spatial  information.  Tbis  has  led  us  to  study  the  difiusion  of  the  metastable  atoms  7 
through  argoa  A  manuscript  on  this  latter  work  is  in  preparation.  The  barium  work  u 
described  so  fiu,  including  the  cw  lineshq>e  measurements,  the  pulsed  mixing  and  □ 

quenching  studies,  and  the  difiuaon  measurements  form  the  core  of  the  Ph.D.  dissertation - 

of  Ed  Ehrlacher. 

More  recently,  a  new  doctoral  student,  Ms.  Raychel  Brown,  has  joined  our  group. - 

As  a  first  project,  she  has  carried  out  a  study  of  difiusion  of  ground  state  barium  atoms _ 

through  argon  gas.  The  technique  here  is  to  that  used  with  the  metastable  states  >odes 

except  that  the  weak  cw  probe  is  also  tuned  to  the  6s^  *Sg  ->  6s6p  ^p,  intercombination  /or  ~ 
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line.  Thus  the  pump  laser  depletes  the  ground  state,  and  the  probe  laser  interrogates  the 
spatial  hole  in  the  ground  state  population  distribution  which  fills  and  widens  due  to 
difiusion.  In  this  manner  we  hope  to  get  an  accurate  ground  state  difiusion  constant 
which  we  can  conq)are  to  the  metastable  level  difiusion  constant.  These  values  are  needed 
for  the  accurate  modeling  of  laser  pumped  barium  vapors.  In  particular,  light-induced 
kinetic  effects  such  as  light-induced  drift  depend  upon  the  difference  between  the  ground 
and  exdted  state  difiiidon  cross  sections.  We  anticipate  that  Ms.  Brown  will  extend  these 
measurements  for  both  the  ground  and  metastable  levels  to  include  the  other  inert 
perturber  gases.  Thus,  the  most  promising  candidates  for  the  study  of  light-induced 
kinetic  effects  in  barium  will  become  q)parent. 

In  another  project,  we  have  become  interested  in  possibilities  of  observing 
nonlinear  optical  processes  at  unusually  low  thresholds  in  barium  vapor.  Here,  we 
consider  both  the  nonlinear  absoiption  and  refi’active  index  variation  when  a  laser  tuned 
near  the  6s^  'Sq  ->  6s6p  transition  is  incident  upon  a  barium  vapor.  For  a  two-level 
atom,  at  low  incident  laser  powers,  the  absorption  is  linear  (i.e.,  doubling  the  laser 
intensity  doubles  the  number  of  absorbed  photons).  As  the  intensity  increases,  net 
absoiption  feils  to  increase  at  the  same  rate  due  to  depletion  of  the  lower  state  and  the 
competition  of  stimulated  emission  fi'om  the  upper  state.  This  process  is  called  saturation 
and  is  characterized  by  a  parameter  called  the  saturation  intensity  1^.  Incident  intensities 
on  the  order  of  I^  produce  nonlinear  responses  which  can  lead  to  such  interesting 
phenomena  as  four-wave  mixing,  two-beam  coupling,  and  optical  bistability.  Due  to  the 
presence  of  the  low  lying  metastable  6s5d  levels,  barium  acts  as  a  three  level  system 
vdien  the  lasa-  is  tuned  near  the  6s^  ‘Sq  6s6p  ^Pj  transition.  Density  matrix  or  rate 
equations  show  that  the  metastable  levels  act  as  a  tr^  for  ground  state  population, 
rMulting  in  a  much  lower  saturation  intensity  than  for  a  two-level  atom.  Our  goal  is  to  use 
this  system  to  produce  nonlinear  optical  phenomena  (such  as  degenerate  four-wave 
mixing)  at  very  low  incident  beam  intensities.  To  date,  we  have  measured  saturation 
inteimties  in  barium,  cesium,  rubidium,  and  potasrium.  The  three  alkali  metals  are  also  of 
much  interest  in  this  context  because  the  ground  state  hyperfine  level  splitting  in  the  heavy 
alkalis  (ceaum  and  rubidium)  is  sufficiently  large  that  these  atoms  also  act  as  three  level 
systems  with  low  saturation  intensities.  However  in  potassium,  the  hyperfine  splitting  is 
less  than  the  Doppler  \^dths  of  the  lines.  Th^^ore  potasrium  must  be  modeled  as  a  two 
level  system  and  has  a  much  larger  saturation  intensity  (we  have  recently  confirmed  this 
result  experimentally).  Modeling  of  all  of  these  systems,  including  lineshape  and 
attenuation  effects,  is  currently  in  progress.  Four-wave  mixing  has  been  observed  in 
rubidium,  and  we  plan  to  extend  these  results  to  the  other  cases.  We  are  particularly 
interested  in  undo-standing  the  role  of  diffiiaon  and  quenching  of  the  metastable  atoms  in 
the  nonlinear  response  of  barium.  In  particular,  it  seems  to  us  that  if  the  trap  level  atoms 
effectively  decay  only  by  dififurion,  then  nonlinear  processes  such  as  four-wave  mixing  and 
two-beam  coupling,  which  depend  on  the  existence  of  a  refi-active-index  or  population 
"grating",  sho^d  not  be  observable.  On  the  other  hand,  processes  such  as  optical 
tnstidnlity  should  be  observable  under  the  same  conditions.  By  addition  of  a  quenching 
gas  such  as  nitrogen,  we  can  switch  between  conditions  where  the  effective  decay 
medumian  is  quenching  as  opposed  to  diffiiaon.  These  studies  have  been  undertaken  by 
an  excdlent  gr^uate  student,  Jon  Sagle,  who  will  continue  with  them  during  the  course  of 
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the  next  year.  An  outstanding  undergraduate,  Ms.  Amy  Perkins  from  Drew  University, 
also  joined  in  this  work  last  summer  as  part  of  our  department's  NSF  sponsored  "Research 
Experiences  for  Undergraduates"  program. 
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